Background/Purpose: Helicobacter pylori infection has been suggested as a culprit of various extragastrointestinal (GI) disorders. It is debatable whether H. pylori infection exacerbates or triggers the pathogenesis of psoriasis. This meta-analysis aimed to explore the association between psoriasis and H. pylori infection. Materials and Methods: A comprehensive search of the MEDLINE and EMBASE databases was performed from inception through October 2017. The inclusion criterion was observational studies evaluating the association between psoriasis and H. pylori infection. The pooled odds ratio (OR) of H. pylori infection and their 95% confidence interval (CI) were calculated using a random-effects meta-analysis to compare risk between psoriasis patients and controls. The between-study heterogeneity of effect-size was quantified using the Q statistic and I 2 . Results: Data were extracted from nine observational studies involving 1546 individuals. Pooled result demonstrated an increased H. pylori infection in psoriasis compared with controls (OR=1.58; 95% CI: 1.02-2.46, P=0.04, I 2 =64%). Subgroup analysis showed an increased risk of H. pylori infection in psoriasis measured with H. pylori IgG enzyme-linked immunosorbent assay (OR=3.11; 95% CI: 1.85-5.20, P<0.01, I 2 =10%) but not active infection measured with urea breath test (OR=0.88; 95% CI: 0.61-1.27, P=0.49, I 2 =0%). Conclusion: This meta-analysis has shown an increased H. pylori infection in patients with psoriasis. H. pylori infection in the past could play a role in the abnormal immunological cascade in the pathogenesis of psoriasis. Further studies to elucidate the inflammatory response in the pathogenesis of psoriasis are warranted.
Introduction
Helicobacter pylori infection is a common infection worldwide, especially in the developing and underdeveloped countries. The prevalence of H. pylori infection is strongly correlated with age and socioeconomic status. Most people with H. pylori infection are asymptomatic, while 15%-20% of patients will develop gastric and duodenal ulcers, gastric adenocarcinomas, and lymphomas. [1] H. pylori infection has been proposed as a culprit of various extragastrointestinal (GI) tract disorders. The proposed mechanism of H. pylori infection causing extra GI conditions is due to a significant local inflammatory response at the gastric mucosa, which could potentially produce a systemic effect because of the alteration of systemic inflammatory mediators. [1] Few studies have found that H. pylori seropositivity is associated with elevated C-reactive protein level and platelet activation factors; [2, 3] other studies reported that H. pylori infection activates the inflammatory process through the uncontrolled release of interleukins. [4, 5] Nevertheless, studies on the causal relationship between dermatological disorders such as rosacea, chronic urticaria, alopecia areata, psoriasis and H. pylori infection have also been reported.
Psoriasis is an inflammatory disease, probably of autoimmune etiology, that is typically characterized by erythematous papules and plaques with silvery scales. Genetic predisposition plays a leading role in the development of psoriasis; however, the associations of smoking, alcohol consumption, vitamin D deficiency, obesity, and high body mass have also been reported in the literature. [6] [7] [8] There is also growing evidence that suggests infections can trigger the development of psoriasis through the binding of superantigens on the T-cell receptor and the major histocompatibility system that is expressed on the antigen-presenting cells and activates the CD4+ T cells eventually. [9] H. pylori infection is hypothesized as one of the microbial infections that could exacerbate psoriasis through the mechanisms above. Despite that, there are conflicting reports about the association. So, we undertook this systematic review and meta-analysis to explore the relation between psoriasis and H. pylori infection.
Materials and Methods
This systematic review and meta-analysis were conducted and reported according to the Meta-analysis of observational studies in epidemiology statement. [10] This review was registered in PROSPERO (registration number: CRD42017078920).
Search strategy
Three authors (WCY, AS, SU) independently searched published studies indexed in MEDLINE and EMBASE from date of inception to October 2017. References of all selected studies were also examined. The following main search terms were used: psoriasis, psoriatic arthritis, H. pylori. The full search terms used are detailed in the Supplemental Material and Methods.
Inclusion and exclusion criteria
This review included all published observational studies including cross-sectional, prospective cohort, retrospective cohort, and case-control studies that assessed the association between psoriasis and H. pylori infection. Reviews, case reports, and abstracts were excluded because their quality could not be ascertained.
We included studies that recruited participants from the general population or used data from medical records from healthcare facilities. Participants were adults aged 18 year or older with any type of psoriasis (plaque, guttate, pustular, inverse, erythrodermic, or psoriatic arthritis) or healthy individuals. The primary outcome, diagnosis of H. pylori infection, was from the comparison between patients who were diagnosed with psoriasis and participants who did not have psoriasis. The odds ratios (ORs), relative risks (RR), hazard ratios (HR), or the number of participants with outcome were extracted. 
Data extraction
All authors independently reviewed titles and abstracts of all citations that were identified. After abstracts were reviewed, data comparisons between the three investigators were conducted to ensure completeness and reliability. The inclusion criteria were independently applied to all identified studies. Differing decisions were resolved by consensus.
Full-text versions of potentially relevant papers identified in the initial screening were retrieved. Data concerning study design, the source of information, participant characteristics, assessment of psoriasis and H. pylori infection were independently extracted. We contacted the authors of the original reports to request any unpublished data. If the authors did not reply, we used the available data for our analysis.
Assessment of bias risk
A subjective evaluation of the methodological quality of observational studies was performed by all three authors using the Newcastle-Ottawa Scale, [11] which is a quality assessment tool for nonrandomized studies. It uses a "star system" based on three major perspectives: the selection of the study groups (0-4 stars, or 0-5 stars for cross-sectional studies), the comparability of the groups by controlling for important and additional relevant factors (0-2 stars), and the ascertainment of outcome of interest or exposure (0-3 stars). A total score of 3 or less was considered poor, 4-6 was considered moderate, and 7-10 was deemed high quality. We excluded studies from our meta-analysis if they had poor quality. Discrepant opinions between authors were resolved by consensus.
Statistical analysis
We performed a meta-analysis of the included studies using Review Manager 5.3 software from The Cochrane Collaboration to generate forest plot and Comprehensive Meta-Analysis 3.3 software from Biostat, Inc (Biostat, Inc., Englewood, NJ, USA) to create funnel plot and perform Egger's regression test. We calculated pooled effect estimate of incidence or prevalence of H. pylori infection with 95% confidence interval (CI) comparing between psoriasis and control groups using a random effects model. We used effect size (OR, HR, and RR) from univariate or, if available, multivariate models with confounding factors (age and gender) adjusted in each study. We excluded studies from meta-analysis and only presented the result with narrative description (qualitative analysis) when there were not sufficient data available for calculating pooled effect size. The heterogeneity of effect estimates across these studies was quantified using the Q statistic and I 2 (P<0.10) was considered statistically significant. The Q statistic compared the observed between-study dispersion and expected dispersion of the effect size and was expressed in P-value for statistical significance. An I 2 is the ratio of actual heterogeneity to total observed variation. [12] A value of 0% indicates no observed heterogeneity, and higher values show increasing heterogeneity. [12] Publication bias was assessed using funnel plot, Egger's regression test, and its implications with the trim and fill method. [13] 
Results

Description of included studies
The initial search yielded 161 articles [ Figure 1 ]; 142 articles were excluded based on the title and abstract review. A total of 19 articles underwent full-length review. Eleven articles were excluded (3 review or abstract articles; two articles had no control group; 4 articles did not report the outcome of interest; two articles were not studied on the subject of interest). One study was included after reviewing the references of included studies. Data were extracted from nine studies involving a total of 1,546 participants for qualitative analysis. The included studies varied in study location, sample size, and source of data. Five studies used H. pylori ELISA test; three studies used urea breath test, and one study used stool antigen test as H. pylori diagnostic method. Five studies [14] [15] [16] [17] [18] have excluded participants with GI complaints or diseases. Fathy et al. is the only study [14] that mentioned about the exclusion of other autoimmune and skin disorders. Daudén et al. [19] did not report the inclusion or exclusion of participants with GI symptoms or other autoimmune diseases. Whereas Campanati et al. [20] included participants with GI complaints, the authors did not compare the number of patients and controls with different GI symptoms. The authors did report that the percentage of epigastric pain (27.5% vs. 13.9%), and heartburn (25% vs. 10.8%) were higher in psoriasis patients with H. pylori positive than those patients with H. pylori negative on urea breath test. No difference in symptoms of dyspepsia, bloating, diarrhea, constipation, and weight loss in both H. pylori positive and negative psoriasis patient groups. [20] Türkmen et al. [21] included participants with GI symptoms; however, there was no statistically significant difference in between psoriasis and control groups. The number of participants with different GI symptoms in each group was also not reported. [21] The characteristics of the nine extracted studies included in this review were outlined in Table 1 .
Meta-analysis results
The pooled result demonstrated an increased H. pylori infection in psoriasis compared with controls (OR=1.58; 95% CI: 1.02-2.46, P=0.04, I 2 =64%) [ Figure 2 ]. Subgroup analysis showed a statistically significant increase of H. pylori infection in psoriasis patients tested with H. pylori IgG ELISA test (OR=3.11; 95% CI: 1.85-5.20, P<0.01, I 2 =10%) but not with urea breath test (OR=0.88; 95% CI: 0.61-1.27, P=0.49, I 2 =0%).
Publication bias
To investigate potential publication bias, we examined the funnel plot of the included studies in the meta-analysis of the H. pylori infection [ Figure 3 ]. The vertical axis represents study size (standard error) while the horizontal axis represents the difference in means. From this plot, publication bias exists because there was an asymmetrical distribution of studies with a statistically significant Egger's test result (P=0.03). Using the trim and fill methods for potential missing data, there was a difference of the imputed OR and its 95% CI (OR=1.24; 95% CI: 0.77-2.00).
Discussion
This systematic review has shown an increased H. pylori infection in patients with psoriasis that was mainly driven by the infection detected with H. pylori IgG ELISA test. Since the ELISA test only detects host exposure to the bacterium regardless of current or previous infection while both urea breath test and stool antigen test detect ongoing infection, our result implies that H. pylori infection in the past could be the culprit of Few studies [17, [19] [20] [21] have not found an increased prevalence of active H. pylori infection in psoriasis population using urea breath test or stool antigen study, yet Onsun et al. [17] and Campanati et al. [20] demonstrated psoriasis patients with H. pylori infection have a higher Psoriasis Area and Severity Index (PASI) score. Mesquita et al. [16] and Fathy et al. [14] described a higher percentage of H. pylori infection among patients with severe psoriasis compared to patients with mild or moderate disease. Onsun et al. [17] and Campanati et al. [20] also reported a significant improvement in PASI score in patients with H. pylori infection who received the combination of antibiotic and psoralen + ultraviolet A therapy, [20] or antibiotic and acitretin therapy. [17] In addition, psoriasis patients with H. pylori infection who received H. pylori treatment alone have shown more improvement than those patients receiving acitretin alone, thus leading to the conclusion of H. pylori contributing to the severity of the disease. On the contrary, despite Campanati et al. concluded a significant improvement of PASI score in the infected patients than the noninfected patients after eradication of H. pylori, the authors compared the infected patients at week 5 after receiving combination therapy with the uninfected patients at week 0 who had not received any treatment. Thus, the observed improvement of PASI score could be merely from psoralen + ultraviolet A therapy and not from the effect of H. pylori eradication therapy. Nonetheless, few case studies reported the improvement of psoriasis after treating the H.pylori infected patients. However, this contradicts the result of Dauden et al. because they have not discovered an improvement of psoriasis after eradication of H.pylori infection. Two studies [14, 18] found a positive correlation between the value of seropositivity with the severity of psoriasis and a higher prevalence of H. pylori infection in patients with psoriasis than in those without psoriasis. Mesquita et al. [16] revealed that negative H. pylori serology correlates with a milder picture of psoriasis. In contrast, Azizzadeh et al. [15] did not find a significant relationship between H. pylori infection and psoriasis or a correlation between H. pylori IgG level and PASI score.
Based on a higher past infection rate of H. pylori in psoriasis from our study result, and the association between current H. pylori infection with higher PASI score, H. pylori past infection might play a role in triggering psoriasis while ongoing infection exacerbates psoriasis. [5, 25] The proposed pathogenesis of H. pylori contribution to the severity of psoriasis could be the systemic effect from a severe localized gastric mucosa inflammation with a robust inflammatory response. [26] H. pylori induces an immune response with macrophages, neutrophils, and lymphocytes infiltrating the gastric mucosa. This immune response is similar to the reaction between hemolytic streptococcus Group A antigens and host proteins which triggers both humoral and cell-mediated immune reactions. [5] Gastric mucosal permeability to food antigens, immunomodulation, autoimmune mechanism, and impairment of vascular integrity might be involved in the systemic effects of H. pylori infection. [27] [28] [29] Other studies have also linked the improvement of various dermatological diseases, such as chronic urticaria, idiopathic thrombocytopenic purpura, rosacea, and Behcet syndrome to the eradication of H. pylori. [16, 20] Besides H. pylori infection, other micro-organisms such as Staphylococcus aureus, Streptococcus pyogenes, viruses, and fungi, have been connected to the exacerbation of psoriasis. [17] There are few limitations in our study. Although our study has shown an increased risk of H. pylori infection in psoriasis patients, the 1.6-fold increased risk may not be clinically significant or relevant. We were unable to stratify the H. pylori infection prevalence rate based on the severity of psoriasis. Our study also did not include participants aged less than 18 year old except Qayoom et al. [30] Nevertheless, the research on children population failed to reveal a higher prevalence of H. pylori infection in children with psoriasis. Fabrizi et al. [31] reported 10% positive urea breath test in children with psoriasis versus 17% positive result in children without skin diseases. The method of detecting H. pylori infection also will affect the reported prevalence of H. pylori infection in the patient population. [32] Especially for serological tests, the cutoff of serological tests depends on the prevalence of H. pylori infection in the general population of their respective areas. Due to the antigenic variable strains of H. pylori infection in different geographical regions, it is also recommended to use the local strains when preparing the detection kits. Alternatively, strains sharing the common antigens globally or strains pooling from different geographical regions should be used. [33] There are numerous serological tests in the market, but it is more useful to evaluate H. pylori infection in children, especially in a good sanitary condition and low prevalence of H. pylori infection, as compared to adults. The sensitivity and specificity of serological tests have been reported to be 85% and 79%, respectively. In contrast, urea breath test has a sensitivity of 75% to 100%, and specificity of 77% to 100%, and fecal antigen test has a sensitivity of 67% to 100% and specificity of 61% to 100%. [33] Therefore, the serological test is not the recommended diagnostic test as compared to urea breath test and fecal antigen test to diagnose H. pylori active infection because the titer levels can remain elevated for long after treatment and the seropositivity rate relies on the local H. pylori prevalence rate, bacterial strains, and positive cutoff of the detection kits. [33] Hence, we concluded that H. pylori exposure at certain point in life might have triggered the abnormal autoimmune cascade in psoriasis patients. Finally, the reason of H. pylori-infected patients having more severe psoriasis than uninfected patients could be from the use of systemic therapy that increases the risk of H. pylori infection instead of H. pylori infection per se worsens psoriasis. [20] 
Conclusion
This meta-analysis has shown an increased H. pylori infection in patients with psoriasis. H. pylori infection in the past may play a role in the abnormal immunological cascade in the pathogenesis of psoriasis, while an ongoing H. pylori infection may exacerbate psoriasis. Therefore, psoriasis patients with GI symptoms or high PASI score should be screened for H. pylori infection by using urea breath test or fecal antigen test, which provides more accurate diagnosis of an active infection. Alternatively, a two-step diagnostic approach with a validated serological tests followed by urea breath test or fecal antigen test could be used if there is a limitation in logistics or health-care resources. Further studies with the use of urea breath test or fecal antigen test to elucidate the inflammatory response in the pathogenesis of psoriasis triggered by active H. pylori infection are warranted.
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What is new?
There is an approximately 1.6-fold increased risk of Helicobacter pylori infection being detected in patients with psoriasis which was mainly driven by previous H. pylori infection.
